


BPPD RECOMMENDATIONS
There are currently nc guidelines in place for the studies as

submitted. The data presented here includes: two key toxicology
studies that are scientifically acceptable (MRID 437669-33 &
437784 .03}, one acceptable product characterization study (MRID
437669--32), three studies that have certain deficiencies but which

supplement the conclusions of the acceptable studies (MRID 437669-
28, 437669-29 & 437669-21) and one study that does not add to the
toxico.cgical evaluation (MRID 437669-30). While no acute oral
toxicity test was performed, these data are adeguate to address the
rapid degradation of the PAT enzyme and its relation to cther PAT
type enzymatic proteins. An exemption from the regquirement for a
food tolerance for the presence of the PAT enzyme itself in all raw
agricuitural commodities can be supported with this data. This
review Jdoes not address the safety of phosphothricin or its
metabolites ir the presence of the PAT enzyme.

. SUMMARY OF REVIEWS

MRID 437669-28: The phosphinothricin acetyl transferase (PAT)
enzyme appears to acetylate only phosphinothricin and is not
affected by the presence of the 21 amino acids tested. There is no
indication PAT is able to acetylate these other amino acids. PAT,
either purified or in a plant extract, is rapidly degraded in the
presence of full strength canine gastric £luid. This PAT
degradation occurs at a slower rate under higher pH incubation or
when the PAT is presented as a plant extract. The presence of the
PAT enzyme in a transgenic tomato did not apparently affect the
levels o©f the inherent plant toxicant tomatine in any sampled
tissue compared to a wildtype control.

CLASSIFICATION: Supplemental. The data summaries are not acceptable
without the methods used to generate the numbers are presented in
detail . Based on other information presented in this package, this
study: does not need to be upgraded.

MRID 4227669-29: The incubation of a crude plant extract with
detectable PAT activity in porcine and bovine stomach f£luids caused
a rapid decrease in the detectable level of PAT activity. If the pH
of thes= fluids was raised, the PAT activity did not decrease as
rapidly.

CLASSIFICATION: Supplemental. Some details of the analysis were
not provided such as source and method of cobtaining the digestive
fluids, PAT assay incubation times and determination of PAT
specific activity. Based on other information presented in this
package, this study does not need to be upgraded.

MRID 437669-30: The PAT gene was not detectable by PCR after an
hour’s incubation of HCN92 crude plant extracts incubated in normal
gastric fluid from cow and chicken. Functional copies of the PAT
gene were detectable by PCR in all HCN92 crude plant extracts
treated with gastric fluids with increased pH. Purified DNA from
HCN92 was not able to transform Escherichia coli cells before or
after gastric fluid incubation.

CLASSIFICATION: Supplemental.



MRID 4:7569-31: PAT enzyme activity was found in crude extracts of
corn rcots, leaves, stems and seed for two different transformation
events. Pollen did not have detectable PAT activity.
CLASSIFIZATION: Supplemental. No PAT wvalues <f£or c¢ontrol non-
transf . rmed Cissue =2xtracts were presented.

MRID 4:7569-32: PAT protein was detectable by western blot in the
root and leaf extract of two transformed lines of corn {(T14 & T25)
and a .ine cf canola (HCN92). ©No PAT was visible in the wild-type
corn or canola.

CLASSISICATION: Acceptable.

MRID 437669-33: The DNA and aminc acid sequence data indicate that
the PAT protein 1s nct related to proteins known to be toxic or
allergenic to mammalian species. The PAT proteins appear to be
most clicsely related to themselves and are not apparently closely
related to other acetyl transferase enzymes.

CLASSIFICATION: Acceptable.

MRID 437784-03: PAT enzyme, either purified or in a plant extract,
is rapidly degraded in gastric fluids as monitored by
immunorecognition and enzyme activity. If pepsin is omitted from
the gastric fluid, the PAT enzyme is fairly stable being recognized
in a western blot after 180 minutes and is still enzymatically
active ~1C% full activity) after 120 minutes.

CLASSIFICATION: Acceptable.






pH _and Temperature Optima
The enzyme was characterized for these two parameters but the
methods are not given.

Enzyme K _neticsg

The dependency of enzymatic activity on the concentration of
substrate ard enzyme itself was e2xamined although no description of
the methods smployed was given. The concentration of the invariant
component. was not given although this can be assumed to be in
excess 1f this was a classic K, determination.

Enzyme 3Jubstrate Specificity
The specificity of the PAT enzyme for its substrate

phosphinothricin was examined using '*C phosphinothricin and acetyl-
CoA witn sufficient PAT enzyme to yield a 50% conversion (% K,.,?)
of phosphinothricin to acetyl-phosphinothricin. This reaction was
then compared in the presence of potential competing substrates,
notably the 19 essential amino acids and hydroxyproline and cystine
each tested individually at 20mM concentrations with the
PAT/phosphinothricin combination.

Since acetylation of L-glutamate has been reported in the
literature to be a low affinity side reaction, this amino acid was
also tested separately (at concentrations of 0, 0.0033, 0.033,
0.33, 3.3, 33 and 166mM) as a co-reactant with C phosphinothricin
(C.2mM} .

To check the direct competition of glutamate with phosphinothricin,
equimolar concentrations of “C phosphinothricin and 1-"C glutamate
were 1incubated with sufficient PAT enzyme to convert all the
phosphinothricin to acetyl-phosphinothricin in 0.1 minutes. The
reacticn were incubated and monitored for 90 minutes. Samples were
removed at 5, 15, 30, 45, 60 and 90 minutes and run on TLC.

The final experiment was to determine if any other amino acid was
acetylated using **C acetyl-CoA with the amino acid profile
descrik=d above. Incubaticn times were not given.

Inactivation in Canine Gastric Fluid

Samples =f fluid from beagle dogs was incubated with PAT at 37° to
determine the rapidity of inactivation. The gastric fluids were
alsc partially neutralized with NaOH to determine the effect of
higher pE on the rate of inactivation. The PAT enzyme was studied
as both the purified extract and a partial extract from plant
material. The inactivation reaction was stopped by addition of the
digests tc a buffer (final pH=8). No details of this experiment
were pregented such as how the enzyme activity was determined or
how the plant extracts were prepared.

Presence of PAT on Expression of Tomatine in Tomatoes
The possible pleiotropic effect of introducing the PAT gene into

the levels of known inherent plant toxins was examined in wildtype
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and transgenic tomato. The details of this analysis are not
presented but a summary table presents levels detected.

RESULT:?=
The purification resulted in a single SDS-PAGE band with an
apparent. molecular weight of 22kD (attached photograph of gel is

upside down). The . results of the temperature and pH
characrerization indicate PAT activity above 20% of optimal from pH
6 to approximately 11 and between 35° and 65°C. The enzyme

kinetics data indicate a Koiacetyl cony OF 0.6mM and Xy i:.pnosphinotnricin) ©OF
0.3mM. The substrate specificity data shows no acetylation of any
of the tested amino acids by themselves or interference with the
acetylation of phosshinothricin., Reported affinity betwee=n PAT and
glutamate was not found in the range of C¢.0032 mM to 266mM tested
nor wag any acetylation of glutamate detected after 90 minutes -
incubation.

The purified PAT enzyme was inactivated in under 1 minute in full
strengit:hh canine gastric fluid (pH 1.1} and much less rapidly as the
pH was raised above 2. The activity was reduced to about 50% after
8 minutes incubation once the pH was raised to 4. The results with
a plant extract gave similar results at pH 1.1 but the rate of
inactivation was slower with the higher pH’'s (approximately 10
minutes at pH 4 to reach 50% inactivation).

The data on tomatine levels that for plants derived from this
particular transformation event, there does not appear to be any
gross difference in the levels of this. alkaloid between the
wildtype and transgenic tomato expressing PAT.






® o

The inazrivation studies were carried out at 37°C with a 7:3 mix of
stcmach fluid to crude plant extract. The stomach pH was adjusted
with the addition of NaOH. At the appropriate time intervals (0.5,
L.C, 2.%, 5.0, 10 & 15 minutes!, 40ul samples were remcved. This
sarple was immediately added ts a wvial with 20pul of ice-cold
Tris/HC!. at pH 8.2 to neutralize the reaction and 18ul of this
extract were ther analyzed for PAT activity as described in the
caragraph above. Preparation of the porcine stomach and bovine
"rennet -tag" and "paunch" fluids was not described.

RESULTS

PAT activity was reduced to approximately 20% by the first 30
second incubation in both porcine stomach and bovine rennet-bag
fluid ‘pH 1.7 and 1.28, respectively). As these fluids were
neutralized with NaOH up to pH 5.5 and 6.37, respectively, there
was a longer duration of the PAT activity. After incubation for up
to 15 minutes at these higher pH's, PAT enzyme activity was reduced
in bothh porcine and '"rennet-bag" fluid to 30% and B80% of full
activity, respectively. In the "bovine paunch fluid" the activity
dic not decrease until after 5 minutes incubation.















positive samples tested. The extracts of non-transformed canola
and coxn showed no detectable bands at the location expected for
the PAT protein in the western blots. 1In the lanes with purified
PAT prot=in added to the tissues extracts, the intensity of the PAT
cositive band increased and no additional sands were seen. In the
geis stalined for total protein, nco detectable band was seen in the
_an= with the 100ng of PAT protein purified frem E. coli. 3In this
same lane cof the western blot a clear kand was visible which
comigrated with the antibody reactive bands in the other tissues
extracts. No total protein stained gel was presented £for the
cancla sxtracts.

BPPD COMMENTS

The comigrating bands for PAT protein and the lack of extra bands
when purified extracts are added to the plant extracts are a
convincing proof of their presence in tissues tested. The lack of
a detectable band in the PAT protein in total protein stains of the
gel 1is Janfortunate as 1is the omission of the sizes for the
molecular weight standards. It is interesting to note that this
assay shows nc detectable difference in the intensity of staining
for the PAT protein although the PAT enzymatic activity assays
indicated a gross difference in the level of activity especially in
the root tissue of lines T1l4 and T25. This may speak to the
problem of microbial contamination for the enzyme assays cor may be
due to the difference between seedling and mature root tissues used
ags samples in these assays.
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"hypotoetical protein in HRDD region (open reading frame X)." The
other significant homology (25.8% in a 120 aa overlap) is with the
human Ig heavy chain precursor V-II region (ARH-77). The other
homologw matches listed are for smaller regions of overlap.

BPPD CCMMENTS

The DNA nomolegy work, while showing how DNA with only 70% homology
can st.l. code for an Zdentical protein, is nct really relevant for
addressing hazards or risks associated with this trait. The
crotzin amino acid homoleosv data will be useful for =stablishing
wnat can be a cutotf for 'similar proteins" and how amino acid
similarity does not necessarily correlate with protein function.
It should be noted that the lack of consensus sequences for
glycosyiation sites and the comigration of plant and microbially
expressed proteins 1is fairly substantial support for lack of
glycesvliation in the absence of actual carbohydrate testing of the
proteir .
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20ul acetyl-CoA (50mM, pH 7.5} and 50l *C-phosphinothricin (1omM)

was prepared. 154l of tnis mix added to 10ul of crude enzyme
extract described above was incubated for 60 minutes at 37°C prior
to being stcpped with Sul of 5N H,8C,: methancl (1:1). The mixture
was cernrifuged, followed by EPLC analysis. HPLC was witch a Sum
Sephascrb SAX column (250 x 4.5mm) run with 5mM phosphate, pH 1.95:
methancl (90:10) at a flow rate of 0.7wl/min. The radicactivity

was detscted with a Rav-egst RAMONA radicdetecter.

-

=ESULTS
PAT protein, either purified or in a tissue extract, 1s rapidly
degraded in gastric fluid according to the results from both
westerrn blots and enzyme activity assays. The presence of plant
extract slightly slows the degradation as tracked by western blot
since a faint lmmunoreactive band that comigrates with the PAT band
and a lower molecular weight band are still visible after S seconds
incubation. In the purified protein preparation, no PAT is visible
o at any Iincubation time point save the i1nitial 0 minute time. If
pepsin is omitted from the reaction mixture, essentially a low pH
incubation, no significant degradation 1is visible over the 180
minute incubation.

The detectable enzyme activity in digested plant extracts decreases
toc less than 20% after one minute but does not approach 0 until
nearly three minutes incubaticon. If pepsin is omitted from the
reacticn mixture, the enzyme activity in the plant extract
decreases to about 20% after 2 minutes but remains consistently at
about 12% of full activity even at 120 minutes incubation.
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